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This technical docnarentary report, prepared under contsact A i30(602)-
3484, describes the logic and operation of the Spelling Correction program "alf
prepared by Itek Corporation for RADC. The program is written in RAD'.AP%
language to operate on a CD)C 8090 conputer under control of the RAD Expar- •
imental Computer Complex (ECt). The various routines which com~pose the '
Spelling Correction program are fully described. General flow charts of the •-.
program as well as detailed description., flow charts, and operating instruct-

ions for each routine are included. This report provides sufficient infor-'
mation to enable the user to make mnaximum use of the program'Is capabilities. .!
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1. IETRODUCTION

The rapid development of computer technology justifies the use of comput- -

ers in varied and unique applications. The Spelling Correction program is a
prime example of a computer application which now appears both technologically
and economically feasible.

The Spelling Correction program is a prototype design that will function
as a basic model for developing more sophisticated spelling correcting tech- -

niques in the future. The method of correcting input text is by dictionary
lookup. The lookup process utilizes a standard disk storage device to retain
the working dictionary and a special shift register comparator to perform the
matching function. The correction logic and data handling functions are per-
formed by the programmed routines.

The Spelling Correction program was designed to operate in conjunction
with the RADC Experimental Computer Complex (ECC). The ECC is a diverse
assemblage of computers and peripheral devices controlled by an operating
system called the Executive Control Program (ECP). The objective of the ECC
and the ECP systems is to provide the user with a maximum of capability for a
minimum of effort. To accomplish these objectives, extensive software syscems
were written to provide the user with automatic program segmentation, seemingly
unlimited storage capacity, and a complete file management service. One of the
software systems (i.e., assembly programs) operating under the EG. and provid-
ing the above capabilities is called RADCAP. This is the assembly language
specified by RADC for the Spelling Correction program.

The hardware configuration of the ECC system includes a CDC 8090 computer
for processing RADCAP programs. (The 8090 is basically a CDC 160A computer
except for its physical appearance.) The peripheral equipment of the ECC com-
plex used by the Spelling Correction program includes an IBM 3electric type-
writer for system communication, RCA and Univac servo magnetic tape uniLs for
program and intermediate data storage, a papev tape reader and punch, &n LFE
BD-500 disk unit, a 408-A Datacom display, and a Philco shift register compara-
tor.

Since the ECC is an experimental system, the hardware and software config-
uration did undergo numerous changes during the contract period. In ome.
instances these 'changes had a direct effect on the operation and development of
thp Spelling Correction program. In this sense, the Srlling Correction project
assumed more of an experimental nature than was originally planned.

I-I "Z
'.

* 1 -1" 5
S.



V -.WV ---~j~.------ . -VWJWVWVWI.; W-7ý7w% vvw -. - -

The contract period allotted time for the rarious routines of the Spelling -
Correction program to be tested and debugged. However, the fuil capabilities
and limitations of the program can be realized only after extensive produtcn."
runs are performed.
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2. SUMHARY

The Spelling Correction program was conceived by RADC as an automatic
method of correcting errors in textual information. The basic design of the
correction process and the hardware-software configuration for its operation
were specified by RADC. Owing to the experimental nature of thc operating sys-
tems, some revisions to the otiginal specifications were required during the
course of this contract.

The initial input to the Spelling Correction program is the digitized
output of documents processed by an optical print reader. This information is -

then converted to an appropriate code for the specified hardware. Various
sorting, merging, and word identification routines prepare the information for
the lookup process, which is handled by dictionary lookup techniques. The
correction process is geared to a shift register comparator device attached to
the operating computer. The converted text is then reconstructed, with the
corrected words replacing those found in error.

In the initial phase of the project, Itek ccnducted a stati3tical analysis
to determine the frequency and type of errors in the documents to be processed.
This i'formation, supplied under separate cover, provided a basis for early
testing of the program.

The Spelling Correction program itself generates additional statistics on
errors that might permit further refinements of the technique. To prove the
feasibility and efficiency of this method of error correction, operational
tests should be conducted using the program on actual data in a proouction
environment.
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3. SYSTEH DESCRIPTION

The objective of the Spelling Correction program is to correct certain
errors in the spelling of words contained in text processed by a print reading
machine. The program is designed to operate in conjunction with a special com-
parator device (the Philco shift register comparator) controlled by a CDC
160/160A computer. The primary errors to be corrected by the configuration are
those which existed in the text words prior to print reading becaure of human
and mechanical factors other than those associated with t'e print reader itself. %

The method of correcting input text is by comparison with stored diction-
ary data from a Laboratory for Electronics BD-500 magnetic disk file storage
unit, which also operates under control of the CDC 160/160A computer. Fig. 3-1
is a generalized block diagram of the system.

The Spelling Correction program is presently composed of 12 routines and
a dictionary of the 5,000 most common English words. Two of the routines
gather statistical information which is intended to serve as feedback to sug-
gest improvements or refinements to the correction process. The remaining IC
routines are actually involved in data handling and/or controlling the correc-
tion processes.

The Spelling Correction program is written in 160A assembly language call-
ed RADCAP-Stage I. The various routines are segmented into individually opera- .1'

ting sections of 512 (12-bit) computer words. All input-output data handling
is accomplished using blocks ot the same size. All internal processing in the
Spelling Correction program is done in Universal code. This provides complete
compatibility between the subroutines and the objectives of the Executive Con-
trol Program (ECP) under which they operate. .

RADCAK-.tage 1 was chosen over RADCAP-Stage 2 as the working language be-
cause of its far greater assembly rate. The Stage I routines are completely
compatible with Stage 2. Thus, the routines can be assembled under Stage 2,
without modification, to take advantage of the more efficient object language
produced by Stage 2.

The general flo, of the Spelling Correction routines (see Fig. 3-2) is
essentially one straight pass through the 12 routines except for the inter-
action which takes place between the MANUAL DATA EDIT routine and the DISPLAY
routine. Each routine is designei to accept the output of the previously ex-
ecuted routine as input. Al! intermediate information is passed using magnetic

'Y

0

-.- -.- " .N- ------------------------------------------------------------------------------- 5'. ".•.•-.• • • *



9 a.

t 
U,

- - SPELLING CORRECTION PROGRAM

Short

Line scanned Word identifi- Sorting and looku_
and digitized cation and Merging to
textual input formatting dictionary• 1 (PEELER) order orSlokR C i

Statistical
analysis Re-sorting 44

, I
orrected

copy Manual
display - editing

Paper tape Reconversion
to printer to original.

~input code

"°p.

output j•:

L • -" ~conven tionalI-
- -o - - - op ion

Fig. 3 - 1 Simplified block diagram of Spelling Correction Program

3--

__ ... " , . .a ' '•'\',K~ > X . -

,,p



i , .

Bestin

Input documents

Convert To Universal code
for correcting

Format words and assign
identification words

nput batch number

"N"

Sort and merge first/next 5,

doc. and add to batch

Have 'I" doc. been batched? no

Yes

"Store data on tapei'II"

T
yes All batches formed? no

Fin. 3 - 2 System flow diagram for Spelling Correction Program

:'S.3-3

%S



etch sorted batch from tape

n ord in batch common
(short) ?

yes

SPerlorm correction logico

common word (i.e. Simulte'

Shift Register Comparato)•

Index to next word in batch •

All common words in batch Ino, '
been processed?

yes

Read first/next dictionary ,'
from tape onto disk '•

so9

: [ ~Perform correction logic ••
using SR.'

ýIndex to next word in batch

yesAl tlAll words inbatch been n
0 - - bl n processede

Fig. 3 tp 2 (oont'd) 3

3.4

.9%

yes1• l od nbth~cn n
procssed

• " . . . . "s. " • - Fig - 3 - 2,. (con ,td) ., - •.. •,. -.. t• • . •

S.. . . . . •-,'• " • " . . . " ' " .'" ",r•'.• •. • - "• - • -." "-. "" " -:-"-' ",:: • "- •,.* .r.



Rasemble documents

Provide statistical data
for the hatch

rutput corrected text 
to

is~play device 
*~

Edt as per manual operations

1J%

3-5V



*1 N

tape. A more detailed description of the function of each routine is avail-
able from the individual writeups and flow charts in Section 4.

The separation of the initial stream of characters from the Print Reader
Conversion program into data words for the correction process is accomplished

by the PEELER routine. Each data word is then appended with various descrip-
tive words which are necessary for later processing. These descriptive words
include i.iformation relative to the position of the data word in the original
input stream, data word delimiters, etc. A data wo:d and its associated des-
criptive words is called an "item" of information. (See Appendix A for an ex-
ample of an item.) The items are then packed into blocks of 512 computer
words (12-bit words) for input to the SORT routine.

The SORT routine sorts the items within each block in ascending order of
character length. In addition, the blocks of data words are combined, or
"batched," according to information supplied by an operator. The MERGE routine
merges the blocks of data words which compose a batch. This is performed using
the sorting logic of the SORT routiue. (See Appendix B for more detailed in-
formation regarding batching.)

The correction techniques applied to the data words are performed in the
SHIFT REGISTER COMPARATOR (SRC) and SHORTWORD routines. The order in which
these two routines are executed is immaterial.

The SRC routine utilizes the shift register comparator to correct the data
words. As stated previously, the correction is accomplished using dictionary
lookuj methods. The dictionary entries are on paper tape in the Universal
character code delimited by the appropriate beginning and end words required ,.'
by the shift register comparator. The order of the dictionary entries on paper
tape is identical to the order of the data words in each batch produced by the
SORT and MERGE routines.

Before the SRC routine can initiate the lookup techniques, the dictionary
must be loaded from paper tape onto the LFE BD-500 disk. If the dictionary
tape is too long to fit on the disk in a single load, it must be separated by
single end-of-file blocks. The last dictionary entry should be followed by a
1778 code following the usual 1758 end-of-word code.

The primary function of the SRC routine is to control tne use of the shift
register comparator. The comparator is capable of operating in more thar one
mode, but with this routine operation is restricted to a single mode. Words to
be looked up are loaded into one register of the comparator and the dictionary
entries on the disk are cycled through a second comparator register. When the
two registers in the comparator are matched, within a program set tolerance
level, the dat& word is considered corrected. The area of the disk used in the
lookup search and the tolerance level (i.e., t,.t;..>old level) are controlled by
the SRC routine. This routine is essentially the "'heart" of the Spelling Cor-
rection program, since the correction logic and techniques are contained here.

Due to physical limitations of the comparator, it is capable of handling 0

only data words from 4 to 18 characters in length. Data words containing more
than la characters are very rare and are ignored by the Spelling Correction

3-6
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program. Words containing less than four characters are corrected in the
SHOf•WORD routine. This routine simulates the operation of the shift register
comparator using programmed instructions. The logic, threshold limits, pro-
gram flags, etc., are identical to the SRC routine. Thus, following the opera- .
tion of the SEC and SHORIWORD routines, the automatic correction of data words
is completed.

The RE-SORT routine resorts the sorted and merged data words to the orig-
inal order of the print reader output stream. This is accomplished usina the
document number and item position number in the descriptive words. After the
documents are back in their original order, all descriptive words are removed
by the DISPLAY routine. Then the document is displayed on the 408-A Datacom
With a standard indentation of nine spaces, which is used by the edit portion
of the routine, and an additional indantation of five spaces whenever a data
line exceeds the scope line. When the data has been displayed, it is again
possible to correct misspelled words. However, here the corrections are made
manually by an operator at the display console. If editing is to be pcrformed
on a complete line, or lines, the operator may utilize the various subroutines
contained in the MANUAL DATA EDIT routine. At present there are three sub-
routines for this purpose, but the program structure is designed so that addi-
tional subroutiues can easily be included.

Once the data has been manually corrected, the text is converted back to
the original print reader code. This is done by the CODE CONVERSION routine .4
in order to obtain a hard copy of the corrected text without having to combine
codes to represent special characters.

Although the correction process is completed at this point, there still
remain two other routines; both are statistical in nature and both use the
output of the SRC routine.

The first statistic&l routine, WORST, is designed to produce a table show-
ing the composition of the input text o&ad the effectiveness of the spelling
correction procedures. This is done by classifying each item by character
length, presence or absence of a confusion character, confusion character and/
or best guess, end whether the words are corrected or remain uncorrected. The
words are also examined in order to obtain an zverage threshold level. Fre-
quency counts are kept for each of the categories according to character length.
(See Appendix F for a sample output of this routine.)

The second statistical routine, PONCW, is designed to give a printout of
all alphabetic items that were not corrected automatically. The printout of
each uncorrected word is preceded by its tolerance level. Within each item all
confusion characters are denoted by an asterisk.

% % % %



4. PROGRAM ROUTINES

4.1 PEELER ROUTINE

4.1.1 Purpose

The purpose of this routine is to define data words for the Spelling
Correction routines and to append certain descriptive words to each data word.

4.1.2 Input

The input for this routine is a magnetic tape, outputted from RADC's
Printer Code Conversion program, which contains the Universal codes substituted
for original Print Reader codes.

4.1.3 Description

The PEELER routine (sce Fig. 4-1) processes the data stream from the input
tape in sequential order and logically determines how many characters constitute
a data word. A data word may be a single blank space, a mark of punctuaticn, a
completcly alphabetic stream of characters, numbers, etc.

To each data word six descriptive words are added. They include character
count, which states the number cf characters in the data word; type code, which
indicates the composition of the data word (e.g., pure alphabetic, numeric,

alphabetic with confusion characters, alphabetic with best guess); document
number; position of data word within a document; and beginning and end words,
1748 and 1758 respectively, necessary for the shift register comparator.

4.1.4 Output

A data word and its six descriptive words, referred to as an "item," are
packed into 512--dord blocks and outputted. (See Appendix A for examples of an
item.) Unused locations at the e~id of a block (only complete items are stored
in a block) are set to zero. When an end-of-document mark is encountered, the
buffer is emptied onto the output tape followed by a single end-of-file block.
The final block of the last document is followed by two consecutive end-of-
file blocks on the output tape.

4-1
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4.2 SORT (SOALNO) ROUTINE

F• 4.2.1 Purpose

The purpose of this routine is to perform an internal sort on successive
blocks of data which contain a variable number of items. The sort (see Fig.
4-2) is performed first according to character length and then alphanumerically
within each character length. r

4.2.2 Input

The input is a magnetic tape containing blocks of dat.a consisting of
51210 words. Each block contains a variable number of items, where each item
is of length L, and 7&L/96. The first word in a block must be a document .%

.-W
number and the second word should contain the number of the last item in the
block plus one. Tne items are packed in the remaining words of a block and
must be complete. Unused words in a block ahould be equal to zero.

The last block of the input data should be followed by a double end-of-
file block (see Appendix C for a description of an end-of-file block).

4.2.3 Function

Blocks of data are read sequentially from the input tape, one at a time,
into core memory. Items of information are then taken from the input buffer
and stored in an output buffer to obtain alphanumeric order within each char-
acter length. Items of shorter character length are stored at the top of the
Input buffer.

The alphanumeric sort within a fixed character length is determined by the
Universal codes. Thus, numeric codes precede alphabetic codes, which in turn
precede punctuation and special characters. When a block has been completel),
sorted, it is then written onto the output tape and the next block on the input
tape is "read iu" and processed.

4.2.4 Method

The input and output buffers are cleared to zeros preceding each read in %'

from the input tape. A block is considered to contain lagitimate information
so long as the first word of the block is nonzero and it is not an ead-of-file
block.

The technique used in sorting is a pushdown list. The first item is
placed in the top of the ouzput buffer. The next, and each preceding, item is
then positioned in the output buffer with regard only to the items presently
stored in the output buffer. Thus the input buffer is emptied from top to
bottom, and the output buffer is filled from top to bottom without gzps.

This technique is accomplished by using a smaller buffer which contains
"address pointers" to the output buffer to indicate the location of the first
word of each character length. Each time a new block of data is read in, all
the pointers are cleared to zexo. The buffer containing the address pointers

4-8
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must be updated each time the position of an item Is determined in the output
buffer. More specifically, each time an item of say N characters has been
correctly positioncd, the address pointers for all items of length greater
than N must be updated.

With this method it is a simple matter to determine if one is examining
the first occurrence of an item of a given character length. If the address
pointer of this item and the address pointer of an item which contains one more
character are the same, it is a first occurrence. When storing the first
occurrence of an item of a given character length, one obviously bypasses theL
alphanumeric search.

When the program performs an alphanumeric search, small letters and capital
letters are treated identically. However, when storing an item in its proper
position in the output buffer, the original contents of the input buffer are
transferred.

4.2.5 Batching

The magnetic tape which serves as input to the SORT routine consists of a
series of 512-word data blocks containing data words from any number of
separate documents, the final data block being followed by a double end-of-file
block. To perform an efficient sort and merge operation, the SORT routine has
the capability of batching a fixed number of documents.

When the SORT routine is first executed it types out a request to "key-in"
the number of documents to be batched. With this information, the SORT routint
separates the input data into the requested batch size for processing by the
remaining routines. Each batch is followed by a single end-of-file block and
the final batch by a double end-of-file block.

4.2.6 Output

The output consists of a magnetic tape separated into batches of data
blocks as described above. Within each data block the data words are sorted
by length and universally within each length. The first two words of each
input data block have been removed; thus each output data block will contain
two additional zero words at the end.

4.3 MERGE ROUTINE

4.3.1 Purpose

The purpose of the MERGE routine (see Fig. 4-3) is to produce a tape or
tapes containing blocks ( 5 1 2 10) of data that are in ascending order of charac-
ter length and alphanumerically sorted within each character length. This
routine merges the sorted blocks of N documents, where N is limited only by
the length of the magnetic tape.

4.3.2 Input

The input is a magnetic tape or tapes containing blocks (51210) of sorted
data. The data in each block has been sorted according to character length,

•-- ~ ~~-4-9 .•

" ". : .



in ascending order, and alphanumerically within each character length. An end-
of-file block (zeof in the first four words of a 51210 block) denotes the logi- N
cal break between batches of documents to be processed. A double end-of-file
block (zeofzeof in the first eight words of a 51210 block) denotes the end of
the job.

4.3.3 Description

In the following explanation, the notation W1? denotes the input magnetic
tape, IT2 and MT3 denote the intermediate merged tapes, and HT4 denotes the
final merged tape.

Three buffers of 512 words and two buffers of 5010 words are used as
memory storage and work arlac. These areas are labeled-SORTED (input block),
MERGED (intermediate ttorage), MERLAJT (output block), EUFl (buffer for a sorted
word), and BUF2 (buffer for a merged word). The last two buffers are used for
the basic merging operation.

For i'nitialization, a block of data is read from Ili into SORTED and imme-
distely written out onto MT2 in order to establish merged data. A block of
data is then read from MTl into SORTED and a block of data is read from KT2
into MERGED. A word from SORTED is transferred to BUFi and a word from MERGED
is transferred to BUF2. These two words are then compared !or the lowest char-
acter count. If the character counts are equal, a check is made for lowest
alphanumeric value. Depending on the outcome of these tests, one of the two
words is transferred to MEROUT. The emptied buffer is refilled and the com- t'

parison process repeated until MEROUT is completely filled or the next word to
be stored into MEROUT does not fit completely. MEROUT is then written out
onto MT3 and the buffer is cleared.

When MERGZD empties before SORTED, it is refilled from MT2. The empty-
fill process of MERGED will continue until SORTED is emptied or an end-of-
file block is encountered on MT2. If an end-of-file block is encountered on
MT2 before SORTED is empty, then the rest of SORTED is transferred to MEROUT.
MIROUT is then writtea onto tape MT3. A logical process then switches the
itxut-output functions of MT2 and MT3, SORTED and MEROUT ire filled again, and
the process continues. If SORTED empties befcve MERGED, the rest of the pre-
sent temporary input tape is read in and transferred for output.

When a single end-of-file block is encountered on MTl. the batch of docu-
ments Just merged is transferred to MT4. This is done in ozder to save tape
manipulation when starting to merge the next batch of documents. On encounter-
Ing a double end-of-file block the same process takes place, but control is
then passed to the next routine.

4.3.4 Output "'

The output is a magnetic tape containing N batches of J documents with
each batch of 3 documents completely sorted by character length, in ascending
order, and alphanumerically within each character length. On this tape neither
N nor J has a limit. This tape is used as inrut to the SRC or SW.ORTWORD
routine.

4-10

A.

%° %



404

S. 2 C

-/u a .Aa

-~ I'

.54

-4-1



Idm

c A

IL 30



-PwwxWWWWUlmN W. 3-MWC WU'WV A-3 www Ww NilWV WV WUIWi. NM vr WV vww PUP RU W.Lw- W~ WVV VWI 4 - iwv-ww .Z-w w-vfwvwuml w'wV W

~ I.
.2 Sl h

UAA

41

00

0 0.

a 60. .. w = i

Q 0.

UdU

- aV

a . 0



I1
EAS

41

I ,

- *S 
6. C• 

• •

..,.., .. ,.,.. . _ _.- -,-, ,-,o- •••_-.-..-,.',' '. .••,.."._.•,,,.,•;'•'% •• )•-' ".'•••'.2x •.••,--z



ANN VT WTI wj" UJTP: WUINT II WWPdWj. r- d. .

4.0'

-41
IL 0

4-15



Il

0 C4

~- ,1 [4 Z: -

0 2 0

t44

c

- x~

44

4-16



. 11.

~~~ .: . L 05 5

I 0
it .

a 00
L--l 7--

j5t

c -zrS

Pft



nac 0 .0a

c a ~ .coo 1

-4

z b. 'I

808
V8

la.

u 4.

4-1-



4 -0

6.I
3mU

00
0U

oS 6. -! * i C -.

0 -

c .4

r

N a 0.2

cI

C c



0

U~ V.



4.4 SHORTWORD (SURTWD) ROUTINE

4.4.1 Purpose

The purpose of the SHORTWORD routine (see Fig. 4-4) is to correct, in a
manner which simulates the shift register comparator logic, all alphabetical
words of two or three characters which contain a best guess, a confusion code,
or both.

"4.4.2 Input

A The input tape is the output tape of the SORT routine.

4.4.3 Description

After a block of input has been read, a check is made for an end-of-file
block. If either a single (zeof) or a double (zeofzeof) end-of-file block is
real, it is written on the output tape. If it is a single end-of-file block,
the-next block of input is read and proccssing continues; othervise, the
routing terminates.

If it it; not an end-of-file block, it is a data block and the first word
of each item, the character count, is examined to see whether it is two or
three. If the character count is not two or three, the item is stored, as is,
in the output buffer and the routine coutinues to process data w,'rds until an
item with a character count of zero is encountered. At this point, the output
buffer is written on the output tape and the next block is read.

If the character count is two or three, the second word of the item, the
type code, is examined. If it indicates that the word contains no confusion
or best guess codes, the item is stored, as is, in the output buffer. However,
if the type code does contain an indication of one or both codes, then it is
necessary to compare the data word portion of the item with the shortword
dictionary, which is stored in memory, in order to see Ii the woaJ is correct
or if it is necessary to correct it. If an exact match is obtained between the
lookup word and a dictionary entry, the word Js stored, as is, in the output
buffer.

If an exact match is not obtained during the first es'amination, as is the
case when the word contains a confusion character, then one of the characters
is disregarded and a match of the remaining characters is sought. If obtained,
the corrected word is stored with its threshold set to one, indicating that the
word has been corrected but it was necessary to disregard one character in order
to correct it. This threshold value is placed in the five leftmost bits of the
fifth word of the item. The left most bit indicates whether the word has been
corrected (0) or not (1). The other tour bits contain the threshold level used
in correcting the word.

If a data word is not corrected and it is a two-letter word, the threshold
value has reached a maximum for this length ivord and it is considered not cor-
rectable. Hence, the fifth word is flagged to indicate an uncorreLcted word
with a threshold value of one. However, if it is a three-letter data word,

f
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another character is disregarded and a match is again sought. If a successful
match is made, the word is storee, as is, with the fifth word indicating an
uncorrected word with a threshold level of two.

After every item is stored, a check is made to see if the output buffer is
completely full. If it is full, the output buffer is written and the next input
block is read.

S'4.4.. Output

The output tape has exactly the samE format and order as the inpit tape.
The only differences are that flags have been added to indicate threshold
levels and confusion and best guess codes have been replaced in those words that
could be corrected.

4.5 LOAD DISK (LODDSK) ROUI .JE

4.5.1 Purpose

The purpose of the LOAD DISK routine (see Fig. 4 5) is to load a diction-
ary onto the BD-500 disk, and, while performing .he loading operation, to
gather specific information about where the dictionary is stored on the disk.
The dictionary storage information is saved in a reserved area which is
accessible by other routines. The primary user of the information is the
routine which drives the shift register comparator. After determining various
characteristics about a "word" to be matched or corrected, the SRC routine
selects the appropriate dictionary segment from the information in the reserved
area. The LOAD DISK routine also adds various flags necessary for proper func-
tioning of the shift register comparator status responses.

4.5.2 Input

The input is a paper tape containing the appropriate dictionary. The
tape should be punched in bioctal codes. The dictionary words should be
grouped by character length N, in ascending order, where N44 and should be
alphanumerically sorted within each character length. This sequence is re-
quired for the shift register comparator to function properly.

4.5.3 Description

The reserved area (DICTAB) is initialized at BAVK 1 and TRACK 1, which is
the address of the first load. The dictionary ib read in a block (51210
characters; at a time. This block is then transferred to an output buffer
(81410 characters) word by word. (The size of the output buffer is prescribed
in ECP 2 Technical Note 56, Supplement 1.) This enables the routine t6 load
"the disk in the two-track mode. As ýach word is transferred to the output
buffer, two checks are made. The first is to allow only complete words to be
transferred. The total character count, calculated by summing the individual
character counts of the transferred worus, should not exceed 81310. This leaves
the required one location for inserting the octal code 173, which is a flag
required by the shift register comparator. The second check is to note any
change in character length. Upon finding a change, no more words are trans-
ferred and the output buffer is considered full. Then the octal code 173 is
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inserted. When either of these conditions is encountered the buffer is loaded
onto the disk, the RANT. and TRACK address is updated, Lhe output buffer is "
zeroed out, and processing continues. However, if a character length change
is encountezed, the latest BA.x and TRACK address is entered into the reserved
erea before continuing. Upon completion of this routine a message is typed out

x on the Selectric typewriter to the effect that the dictionary has been
successfully loaded.

4.5.4 Output

The output of this routine is the dictionary loaded on the BD-500 disk and
a table which contaits the starting address (WAK and TRACK) of each character
length segment of the stored dictionary-

4.6 SHIFT REGISTER COMPARATOR (SRC) RO'TINE

4.6.1 Purpose

The purpose of the SRC routine (see Fig. 4 6) is to examine the data pre-
viously sortel in alphanumeric order end flagged according to data word type
and to set the shift register comparator conditions for a dictionary lookup.
An attempt is then made either to match or to correct the word. The final
result is flagged accordingly.

4.6.2 Input

The input is a magnetic tape containing N batches of M documents, where a
document is composed of one or more blocks of 512 computer words. Each batch
of M documents is sorted in ascending order of character length and alpLa-
numerically within each character length for the data words in the batch.

Each individual item (see Appendix A) has six computer words added to it
for descriptive purposes. This program is concerned with the first two of the
descriptive words in an item. Word 1 contains the character count of the item
to be processed. Word 2 indicates the classification of the item (see Appendix
A for an explanation of type codes). A single end-of-file block (zeof in the
first four words of 512-word block) denotes thre logical break between batches
of documents. A double end-of-file block (zeofzeof In tbhe first eight words of
a 512-word block) denotes the end of the job.

4.6.3 Description

For brevity the shift register comparator will be referred to as the SRC
and its individual registers will be teferred to as SRI, SR2, SR3, and SR4.
(See SRC hardware manual for details.)

Data is read in one block at a time. One item is then transferred to a
buffer area for editing. The first check is the character count; if it is less
than 4 or greater than 18, the item is bypassed. This limitation is bruught I
about by the actual SRC hardware configuration and operation. The type clas-
sification is then examined. If the item is anything but alphabetic, it is *

bypassed as being uncorrectable. If both of these tests are passed, then the
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SPC conditions are set according to type found: alphabetic, alphabetic with
best guess, a'phabetic with confusion, alphabetic with confusion plus best
guess. (See Appendix D for bit configuration of settings which can be set and
then lowered to allow for the-best possible match.) If a data word has been
d termined as containing all alphabetic characters, the threshold is set at
zero. The data word plus beginniWg and end words a e then loaded into SRI,
and a lookup is initiated. A compare command then causes the words within the
selected dictionary segment to cycle tnrough SP4, SR2, and SR3. SR2 accepts
the dictionary words and wo-es them to the compare positicn (lines up beginning
and end-of-word marks). SR3 receives the dictionary words from SR2. If a
match does not occur, SR3 is cleared. If a match is found, the dictionary word
is advanced to the end of SR3 and awaits call to the computer. If no match is
found, the data word is considered not to be in the dictionary and thus not
correctable.

For all other data word types, the threshold is initially set at one. In
these cases, if rio match is founO, the threshold is increased by one and the

lookup process is repeated. This cycle is repeated until a match is found or
the threshold setting exceeds an arbitrary limit set for the various character
lengths. The present formula for determining threshold limits is the integer
portion of N/2, wiere N is the character length of the item. These figures
have been previously determined and stored in a table. This table can be
readily changed if future statistics prove the need to do so.

Once the lookup process on an item is completed, the item Is flagged as
corrected or nG.; corrected along with the highest threshold value reached in the
process. The flags are stored in the high order five bits of the begin word
mark (1748). If the word is considered to be corrected, bit 11 is a zero and
bits 10-7 contain the binary form of the highest threshold setting used in
correcting the data word. If the word Is considered to be not corrected, then
bit 11 contains a one and bits 10-7 contain the binary form of the arbitrary
threshold setting. items which are not alphabetic or those having character
counts outside SRC limits are flagged as uncorrected but contain a zero in Uhe
threshold setting bits.

Another major part of the lookup process is selecting the proper segmenr of
the dictionary to cycle over in attempting a match. Each track contains up to
81410 characters. Requirements for the selection process are a BANK and TRACK
address and a WORD FROM and WORD TO address. The BANK and TRACK addresses are
compiled and stored in a tabie when the dictionary is being loaded onto the
disk. The table contains the BANK and TRACK address of the first word of each
character lengt h.

With this information, the program selects the prcper BANK and TRACK
address and gives an initial WORD FROM and WORD TO address ranging from 0 to
81410. If no match is found in this segment, the BANK and TRACK address is
Increased by one. At this poinL : check is made to ensure that the proper
character length is still being searched.

Owing to the alphanumeric sort order, ý.he following feature allows for
faster cycle time over selected po.itions of the disk. If a match is found in
a particular segment, part of the return information is the address on the
track where the match occurred. This address minus 2010 is placed in the WORD

4-? ,_

v %



.10

FROH address In order to allow for the next items being duplicates of the item

Just matched (20 characters ts the largest possible word i.e., 18 characters
plus 2 word marks).

Once a lookup process has been initiated, the return information is check-
ed to determine the result of the lookup. A return of zero means that a match
has been found according to the conditions that were previously set. The
dictionary word involved in the match is rptrieved from SR3 to replace its
counterpart in the data stream. In this manner all confusion and best guess
characters are deleted and the word is considered to have been corrected. A
return of five r•eans the word has been passed and a match, under the set
tolerance, was not fouud. This condition, performed by SRC hardware, is based
on the sum of the first three characters of the data word being greater than
the sum of Lhe first three cx.aracters of the dictionary word. A return of
seven means the SRC has cycled over the complete segment two times and has not
found a match or passed beyond the data word alphanunerically. This is brought
about by the hardware fiature of stopping the cycle procedure when the Univer-
sal code 1738 has been eacountered twice. To make use of this feature, whn the
dictionary is being load.td, the code 1738 is inserted as the last character in
each track.

The general flow Qf this routine stems from the procedures set forth in
XCP-.2 Technical Note 56 and ECP-2 Technical Note 56, Suplement 1. The pro-
cedures described in these notes allow a progra. written in RADCAP Lo make use
of the SRC and the BD-500 disk. Copies of these notes will be found in the
appendixes of this report.

4.6.4 O;tput

The output of this routine is magnetic tape containing the input tape

information with corrected data words and flags substituted for incnrrect data
words. Data words which remained uncorrected are composed of the original Un:-
put data word with program inserted flags. Data words considered corrected
are dictionary words that have replpced the original data word. Corrected
data words also contain program inerted flags. Program inserted flags are
explained in section 4.6.3. Appendix E ccntains examples of flag setup. This
tape is used in the normal system flow as input to the RE-SCRT routine. How-
ever, it can also be used as direct input to the STATISTICS I routine, since
resorting is not necessary to gather the statistics on the correction
procedures.

4.7 RE-SORT ROUTINE %"

4.7.1 Purpose

The RE-SORT routine (see Fig. 4-1) takes data which has been processed by
"the Spelling Correction routines, and which vas previously sorted by character N.

length and alphanumerically, and resorts it into its original order according
to its document and item number.

4;7.2 Function.

Blocks of data are read from magnt•zlc tape. reordered by document and item
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number, and written on another magnetic tape. Each block .its it is sorted is
merged with previously processed blocks until the entire input tape is re-
sorted.

4.7.3 Input

The input for this routine is a magnetic tape containing blocks (51210) of
corrected data output from the SRC or SHORTWORD routines. Each batch of data
(see Appendix B for an explanation of batching) has been sorted universally.
The end of the Input data is denoted by a double end-of-file block.

4.7.4 Method

In the following explanation, the notation MTI denotes the input magnetic
tape, MT.2 and KT3 denote the intermediate merged tapes, and NT.F.denotes the
final merged tape. MT42 and 1T3 are logically switched at the end of each
block merging operation. The last one used is written onto HTF Uhen an end-
of-file block Is seen.

Thrcc blocks of 512 locations each are used as nemory storage and work
areas. These areas are labeled NSB (newly sorted block), FSB (formerly sorted
block), and NMB (newly merged block) for brevity.

One block of data is re-id into NSB from MT1 and is sorted by document
number. This is done by reuzated scans of NSB. looking for the lowest document
number seen on each scan as each Item of NSB is examined. Whenever a new low
docuretnt number is seen, this number replaces the old low document number rnd
the item itself is copied into FSB, replacing any former low item. until at the
completion of on,! scan the lowest document numbered item has been transferred.
Each transferred item is "erased" from NSB by zeroing its "key" register (174)
so that it is ignored on the next scan. Thus, one item is transferred to FSB 9
at each scan, while the sc3tý beco-c progre-1ivtly bthurLer until all items have
been traasferr-od and arravvicd in ascending document number order.

1he same process is repeated with the item numbers of each document being
arranged numerically as they are transferred back out of FSB into NSB. At the
completion of this transfcr, the block of data is fully resorted and ready to
be merged with previously processed data.

In the case of the very first block, no previously sorted data yet exis:s,
so the block Is Imirediately ,jritten onto HT2. A new block is then read from
MTI to NSB and scrted by document and item nimber. The previously sorted
block is read from Mt2 into the FSB area. Item I of NSB is compared to item 1 0
of FSB and the iower numbered item Is transferred to NMB. to this fashion, the
items of both FSB and NSB are merged and moved to ::MB until NMB is. within ý6
registers of being tull. NMd is then written onto MT3, where it may be used in
the merging of the next input block. The remaining items of FSB and NSB are
merged as h7MI is refilled.

When FSB is emptied, another block is read into it from NT2 and merging
continues. When NSB is emptied, the program is adjusted to make an NSB entry
appear to have a value so high thrt all remaintkig items from MT2 are selected
as lower than the NSB item. Whn 21T2 is exhausted of items and NSI is also
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empty, M73 becomes the merged tape. It is u-es a.. merge with inother input
block (if there is one), and the new results arc wtitten onto MT2. So long
as thure is new input to read from MTl, this proceo.. continue& with MT2 and MT3
alternately becoming the output tape.

A single end-of-file block in the input tape nd:cates :he end of a batch.
This causes the current output tape (MT2 or MT.) to Ls cvcIed onto the final
output tape before the next block in read from HTl. . doutle end-of-file block
on the input tape indicates tli end of the job. A%&.-, the current output tape
is copied onto the final output tape (along with the -oub!l end-of-file block)
before the routine halts.

4.7.5 Output

The output tape for this routine is a magnetic tape containing the correct-
ed version of the data words in their original print reader order. However,
it is not in the same format as the PEELER routine input, since the six descrip-
tive words added by the PEELER routine and the batchIng scheme added by the
SORT routine are still present. This tape is normally used as input to the DIS-
PLAY routine but can also be used as input to both STATISTICS routines.

4.8 STATISTICS I (WORST) ROUTINL

4.8.1 Purpose

The purpose of the STATISTICS I routine (see Fig. 4-3) is to gather sta-
tistics concerning alphabetic words of 18 or less characters. The statistics
are compiled separately for each character length. Within each length,
statistics for frequency count and the occirtence of best guess, confusion,
confusion and best guess, corrected, and uncorrected words are kept.

4.8.2 Input

The input tape can be the output tape of either the SRC routine or the
RE-SORT routine. Although it is necessary to input all words of an item, only
three words are of direct concern to this routine. They are the first, secono.
and fifth words of an item; the character count, type code, and begin word,
respectively.

4.8.3 Description

After the file hoa been opened, the output heedings are set up and all
storage areas are cleared. Next a block of data is read. If it begins with
either a single or iouble end-of-file block, that bRtch is displayed. The
display section of this routine is explained later.

If no display took place, the character count is examined and if it Is
within the limits for t',e length of a word (i.e., l-nf18, where a is the char-
acter count), then a tally is made in the appropriate frequency count.
Separate tallies are kept for each length. If the length is above the limit,
the character count of the next item is examined. If it is below, the next
block is read.
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Next the type code is examined. If the word is not alphabetic or is
hyphenated, the next item is examined. If the word is purely alphabetic and is
unhyphenated, a tally is made in one of the three classes: best guess, confu-

' sion, or both. The class in which to make the tally is determined by the
"arrangement of the four leftmost significant bits of the type code word:

"0000 alphabetic characters only
* 0100 alphabetic characters with confusion

0010 alphabetic characters with best guess
0110 alphabetic characters with both

\ After this, the begin word is examined. If there is a one in bit 11, then
it was not possible to correct the word, so a tally is made in the uncorrected
total, or In the corrected total if bit 11 was zero. Then the next item is
examined until the input block is completely processed, in which case the next
block is read from the input tape.

If it had been necessary to output a block, since an end-of-file block was
encountered, then the batch number would have been displayed first. Then the
headings, which were set up at the start of the routine, are displayed, followed
below by the appropriate statistics. Before the statistics are displayed they
are converted from octal to decimal form. When all the statistics for this
batch have been displayed, the next block of data is read, unless there has been
a double end-of-file block. A double end-of-file block terminates this routine.

4.8.4 Output a

The output is displayed on the typewriter. All data within a set of end-
of-fili blecks is considered a batch. Whenever an end-of-file block is read,
all the statistics obtained for tfat batch are displayed. First, the batch
number is typed, followed by the )'!adings. The headings indicate the various
categories: character length, fr'quency, best guess, confusion, confusion and
best guess, corrected, and uncotr cted. Then under each of the seven categor-
ies the proper statistics are tyved. This typing of batch number, headings,
and statistics occurs after each batch has been processed (see Appendix F for
a sample output).

4.9 STATISTICS II (PONCW) ROUTIK

4.9.1 Purpose

The purpose of the STATISTICS II routine (see Fig. 4-9) is to obtain a
printout of all alphabetic items that were not corrected by the programming
logic in the SRC or SHORTWORD routines. The printout of each item is preceded
by the maximum tolerance which was used in the correction attempt. Any con-
fusion characters within an item are printed out as asterisks.

4.9.2 Input

the input tape for this routine is the output tape of the SRC or SHORTWORD
routine. The input tape is read in blocks of 512 computer words. Within each
of these blocks there is a variable number of items. Only complete items are
placed in a data block, and unused locations, if any, are filled with zeros.
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The following diagram illustrates the composition of an item and those words
which are examined by this routine.

Word Description Used or Not Used

1 Number of characters in

item Used

"2 Type code Not used

3 Document number Not used

4 Item position in document Not used

5 1748 and tolerance level Only tolerance
level is used

* I Used

. T Used

* E Used

H Used

n 1758 Not used

4.9.3 Description

After an input block has been read into memory, a check is made to see if
it is a single or double end-of-file block. A single end-of-file block is
ignored and the next block on the input tape is read in. A double end-of-file
block indicates the end of the input data and the contents of the output juffer
are printed out.

If no end-of-file block is encountered, the character count of each data
word is examined for a zero. ft zero character count implies that the 512-word
data block has been completely processed and the next block is read into memory.
If it is not zero, then the number four is added to the character count to make
room for additional information needed in the output buffer. Bit 11 of the
fifth word of each item is then examined to determine if the data word is un-
corrected or corrected. For corrected words all but bits 7-10 of the fifth
word are cleared and the routine moves on to the next data word.

The item tolerance level for all uncorrected data words is converted from
binary to Universal code (only code accepted by the printer) and stored with
the data in the output buffer. Any confusion characters t-at may be present in
the data word are converted to asterisks for printing purposes. A carriage
return is stored in the output buffer following each entry to the output will
be in a single column.

, A check is petformed each time an entry is stored in the output buffer for
the end of the buffer. When the end of the buffer is encountered, an end-of-
massage code is stored and the output buffer is printed.
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4.9.4 Output

Each time the 512-word output buffer is filled, it is printed. The tol-
erance level for uncorrected data words precedes the word itself as shown by
the following example:

3 ABACUS
1 B*T
2 CH*I*
6 UNCONFORMABLE

Note that the words such as "abacus" and "unconformable" will appear on the
printout as uncorrected words even when they are correct if they are not con-
tained in the dictionary.

4.10 DISPLAY ROUTINE

4.10.1 Purpose

The purpose of the DISPLAY routine (see Fig. 4-10) is to enable the pre-
sentaition of the corr':cted text on the 408-A Datacom. All lines of the text are
indented nine spaces. If a line of text exceeds the length of the scope line,
the remainder of the line is placed on the next line after an added indentation
of five spaces. Thus, although the number of lines is not the same, the first
word of each of the original lines is easily recognized.

4.10.2 Input

The input tape used in this routine is the output tape from the RE-SORT
rcutine. It iR entered in blocks of 512 computer words. All words of an item
are entered, although not all of them are used. The order of the words in an
item and the fact of whether they are used or not is shown in the following
table:

Word Description Used or Not Used

1 Number of characters in
word Used

2 Type code Not used

3 Document number Not used

4 Item position in document Not used

5 17 4 8 Not used

I Used

T Used

E Used

M Used

n 175r Not used
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4.10.3 Descriptionl

After each input block is read, a check for an end-of-file block is made.
If either a single (zeof) or a double (zeofzeof) end-of-file block ie read, then
the contents of the output buffer are displayed, written on the output tape, a:ud
the corresponding end-of-file block is also written. If a double end-of-file
block is read, the routine terminates, but if only a single end-of-file block is
read, the next block is brought in from the input tape.

If no end-of-file block is encountered, the input increment is tested. If
it is at 512, a new block is read; otherwise, the first word of the item is .
examined. If It is zero, a new input block is read; otherwise the length of
the output item is added to the output increment to see if the item will fit.
If it will not fit, the output block is displayed; otherwise the length is
checked to see if it will fit on the scope line, which is 63 characters long.
If the item fits, it is stored and a check is made for a carriage return. If
there is none, the routine proceeds with the next item. If there is one, the
remainder of the line is filled with spaces, the next line is indented nine
spaces, and the next item is processed.

If the item will not fit on the line, it is necessary to add a carriage
return and enough spaces so that the remainder of the scope line is Zilled.
Before the carriage return is inserted, a check is made to determine how many
spaces must be added so that the indentation on the next line is 14 spaces. If
the next item is a space, 13 spaces are to be inserted, unless the previous
item is a question mark, period, colon, or exclamation point; then only 12
spaces are needed. If the next item is not a space, but the previous word was,
then 14 spaces are inserted. Otherwise the previous words are searched until
a space is found; then 14 spaces are added and the previous word or words are
stored after the indentation. Then the program proceeds with the next item.

4.10.4 Output

After a 512-word output block has been filled, it is displayed on the scope.
The maximum length of any line is 63 characters. Thus, if the original text was
as follows:

A study is made of the temperature field before the combustion \:.
front in a pipe with circular cross section. In the study
it is assumed that the air moving along the pipe is heated on account
of the stationary process of convective head exchange from the pipe.

the scope output would look like this:

A study is made of the te=peracure field before the

combustion

front in a pipe with circular cross section. In the

study
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it is assumed that the air moving along the pipe is

heated on account

of the stationary process of convective heat exchange

from the pipe.

4.11 MANUAL DATA EDIT (MDE) ROUTINE

4.11.1 Purpose

The purpose of the MANUAL DATA EDIT routine (see Fig. 4-11) Is to allow an
operator to remove any remaining errors left by the automatic correction pro-
cedures or to perform a general data editing function.

4.11.2 Input

The input to this routine is the displayed output of the DISPLAY routine.
Each time the DISPLAY routine displays a block of corrected data it calls this
routine. Other Input is provided by the operator who is manning the scope.
This includes names of subroutines which he selects to assist in the manual
processing of the displayed data.

4.11.3 Function

The DISPLAY routine displays the automatically corrected text on the 408-A
Datacom using a RADCAP KEY IN Instruction. Control is then sent to the MANUAL
DATA EDIT package, incorporated into the DISPLAY routine, to accept and inter-
pret messages, if any, inserted by the operator. For the present, only a few 1
routines are available to the operator, but the package is designed to permit
additional functions to be included at a later time.

The present package includes a routine, SWB35, to switch th2 function of
flag bits 3 and 5 of the dispJayed text. Using this routine, an operator can
substitute the clearly visible overlinc marker on the Datacom for those charac-
ters which were flagged as best guess. CaHlling this routine again restcre t!hc
display to its original format. A second routine called ERROR is avallhble Lo
reinitialize the original display should the operator have inadvettently
destroyed some valuable data. A third routine, STOP, is available to act as a

function delimiter for the other routines. Lach of the routines operates on a
line, or lines, of the displayed text. Thus a routine name in the left-hand
display margin next to a particular line operates on that line and each succeed-
ing line of the display until either the end of the display is reached or
another routine name is found in the display margin.

To switch the function of flag bits 3 and 5 for only a single line in the
display, one would type the routine name SWB35 in the display margin next to
the line one wisbed to operate on and type STOP in the display margin next to
the following line. Here the routine STOP serves as a delimiter for the SWB35
routine. .1..
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Each routine name must be seven characters or less in length and be fol-
lowed by a blank. Imbedded blanks in the name are not permitted. Routine
names do not have to be either left or right adjusted in the display margin.

If an operator should requect a routine which is not available or not
called correctly, the package removes the name from the display margin and
continues operation.

After a routine has performed its intended function, it removes its own
name from the display margin and returna control t. tne scanning section of the
package to look for other routines which may be calied. When the end of the
display is reached and a routine has been called at some prev..ous point,
control is returned to the display routine to repeat this same display with
the changes incoxporated. I. this manner an operator can perform many separate
functions on a single display. When no further routines are requested, the
last display is written on tha final output tape and a new block ii displayed.

4.11.4 Method

The display margin is scanned from top to bottom for nonblank characters.
A nonblank character transfers control to a matching section which compares
the characters found against a subroutine table. Each entry in the subroutine
table is followed by a blank (012B) and an exact match is required u;ith the
subroutine table including the blank character.

The subroutine search is accomplished using an alphanumeric lookup tech-
nique where the names in the subroutine table mst be ordered according to
their Universal code values. This is the same order output by the SORT and
MERGE routines for the document data.

When a legitimate subroutine name has been requested and a match found in
the subroutine table, the package constructs a RADCAP JUMP instruction to a
JUMP TABLE which sends control to the appropriate routine.

This description is concerned only with existing subroutines which assist
the operator in correcting or editing the displayed data. There are of course
many editing and correcting aids built into the 408-A Datacom hardware which
increase the capability of an operator, but theae are explained in the appropri-
ate manuals for the 408-A Datacom.

4.11.5 Output

This routine does not write on an output device. The results of this
routine are direct changes to the data held in the DISPLAY routine's output
buffer.

Fig. 4-12a is an example of the lower half display of the Datacom console
after an operator has partially corrected the text. In the left-hand margin,
the operator has typed the name of a subroutine (SWB35) which he selected to
use in further correcting the text. Subroutine names can be placed anywhere in
the first eight positions of the margin but imbedded blanks are not permitted.
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After an operator has selected the editing subroutine(s) which he intends
"to use in correcting the text, control is returned to the MANOUAL DATA EDIT
routine. This routine will interpret the operator's inserted marks.and call
the appropriate subroutine(s). The processed text will then be redisplayed on
"the upper half of the Datacom scope, as shown in Fig. 4-17h.

In Fig. 4-12a a different type font is used to represent color shift char-
acters, e.g., ECP and DISPLAY in the first lines.

4.12 CODE CONVERSION (CONVRT) ROUTINE

4.12.1 Purpose

The purpose of the CODE CONVERSION routine (see Fig. 4-13) is to convert
the corrected text from Universal to Print Reader code.

4.12.2 Input

The input for this routine is the magnetic output tape of the DISPLAY
routine.

4.12.3 Description

The CODE CONVERSION routine reads and processes a single input block (512
words) at one time. Each Universal code is examined to determine if it is part
of a color series. Those codes which are not part of a color series are con-
verted using a table lookup technique, snd the corresponding Print Reader code
is stored in the output buffer. Each time a character is stored in the output
buffer a check is made to determine if the buffer is full. When the buffer is
full it is punched onto paper tape.

If the Universal code indicates that this character is part of a color
series, it must then be determined if it is the first or last character in the
series and set the appropriate flags. Only the first and last characters of a
color series are accompanied by a color shift code in addition to the corres-
ponding Print Reader code. The first charact-r of a color series is preceded
by a color shift code ýnd the last character of a color series is followed by
a color shift code.

The end of the input data is signaled by a double end-of-file block.
Single end-of-file blocks are ignored by this routine and the next block in
the input tape sequence is read.

4.12.4 Output

The output of the CODE CONVERSION routine, the final routine of the
Spelling Correction program, consists of a punched paper tape in Print Reader
codes. This tape can then be listed to obtain a hard copy of the original
Print Reader input text with corrections inserted.

4.13 GENERATION OF SIMULATED DATA (CENDAT) PROGRAM

4.13.1 Purpose
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The purpose of the GENDAT program (see Fig. 4-14) is to create data which
can be used as input in debugging the Spelling Correction routines. This
proved necessary because at tie time the routines were being debugged it was
not possible to run the SRC routine. All but four of the routines, PEELER,
SORT, MERGE, and SHORTWORD use the output of the SRC in one way or another
(i.e., either directly using the output just as it came from this routine, or
indirectly using the output of " routine which used the SRC's output).

4.13.2 Input

The input for this program is cteated by the user. It is done by typing
in the data on the user's typewriter, after the message "okay typs in data" /
has beer, typed out by the program.

4.13.3 Description

One generates data in blocks of 51210 computer words by using the RADCAP
KEY IN instructicn. A data word is typed just as it is to appear, except
that at the end of each data word (which can be a space, a mark of punctuation,
an actual word, etc.) a carriage return is placed. This is done so that the
program will know when a data word is complete. At the end of the last data
word a left parenthesis is typed; thus, neither a carriage return nor a left
parenthesis can be used in a data word. If it is necessary to use either of
these characters as a data word, the marks for end-of-word and end-of-data can
be changad to any keyboard character that is not used as a data word.

Before the message to type in data has appeared, two leader words are
written in the output buffer. They are used only by the SORT routine, so if
data is not being created for this routine, they should not be written (see
Section 4.13.5). Typing a left parenthesis returns control to the GENDAT pro.
gram which then displays the block typed in by the user. Unused locations are
automatically zeroed out.

Except for the first and last routines of the Spelling Correction program,
all routines accept six additional words (descriptive words) for each data
word. Thus, the GENDAT program must also generate these additional words. Of
the six descriptive words, two of them, the begin and end words (1748 and 1758
respectively) remain constavt. Two otner words, document number and type code,
are set and remain constant for all data words which are typed in. Only two
words change their value during the execution of the GENDAT program: the
character count and item position within the document.

As a data word is being stored by the GENDAT program, its character count
is computed. When an end-of-word mark is encountered, the item position
counter is increased by one and the word and its six descriptive words are
stored in the output buffer; then the next data word is dealt with. When an
end-of-data mark is encountered, the output buffer is written on the output
tape five times and the prograu terminates.

4.13.4 Output

The output tape generated by this routine is identical in format to actual
data. All unused locations at the end of the blocks contain zeros.
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begin -

open
magnetic
tape

output

write leader
_wqrjs.C2 -

type in

data

storedt

wodtem store "item"

end write the s

data yes five times tp

increase
character

Lcount

Fig. 4 -14 Flow diagram for GENI1AT routine
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4.13.5 Changes

The following changes can be made, when desired, in the program.

1. The end-of-word mark can be changed from a carriage return to any
character that appears on the typewriter keyboard simply by changing what is
stored in location "cret" to the value for the new end-of-word mark. Note,
however, that whatever is used as the end-of-word mark can be -ised only for
that purpose and cannot be used as a data word or as part of a data word.

2. The end-of-data mark can be changed from a left parenthesis in
the same way that the end-of-word mark was changed, i.e., by changing the
value in location "endat" to that of some other keyboard character and using
it uniquely for that purpose in the program.

3. For all routines except SORT, the two words written at the beginning
of each block are not needed; to make data for these routines it is necessary
to remove the cards which store these two words and to set the initial incre-
ment of EE, the location where the complete item is stored, to zero.

4. In the RE-SORT routine, it is essential that the item position of
the words not be in ascending order. The reason for this Is that the purpose
of the program is to accomplish this very thing. Thus, initially the location
"itemct" is set to some other number, X, and instead of adding one to the cell
"itemct" every time a complete data word is found, one is subtracted from it
at that point in the program.

5. The type code may also be changed merely by changing the contents
of the location "type." A list of what the different codes mean is included
in Appendix A.

6. If more than one block of data iv desired, it can be obtained by
setting a counter at the start of the program and increasing it every time a
block is written until some maximum volume has been reached. After the blocks
have been written, the program will zero out'the output buffer and wait for more
data to be cyped.
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5. OPERATING PROCEDURES*

"I j

5.1 PEELER OPERATION

1. Mount the program tape on a tape drive and assign that unit as the
system's tape unit, unless it has already been assigned.

2. On the user's typewriter, call up job 001.

3. After the routine is loaded, a message to assign file 001 is typed
out on the SCO typewriter. Assign the output tape of RADC's Prin-
ter Code Conversion program.

4. Next, a tmessage to assign a scratch file will te typed; assign any
tape. This tape is used as the output tape.

5. During the execution of the prograu, as each block of input is read,
it is displayed vn the typewriter and when all blocks have been
read, the letter "e" is displayed.

6. The routine is finished when the message on the user's console
(i.e., the typewriter) states that job 001 has terminated. At the
same time, a message to remove the two files is written c the SCO
typewriter.

7. File 001, the input, is not used again. File 002, the outprc, is
used by the SORT routine.

5.2 sORT OPERATION

1. This routine is also referred to as SOALNO.

2. Mount the program tape on a tape drive and assign that unit as the
system's tape unit, unless it has already been assigned.

3. On the user's typewriter, call up job 014.

4. When the message to assign file 001 is typed out, assign the output
tape of the PEELER routine.

* All job numbers and file numbers for the operating instructions are
given in octal code.

5-1
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5. When thenmessage to assign a scratch file appears, assign any tape.
This tape is used as the output tape.

6. After both files have bcan assigned, a message saying "type batch
number in octal" is written on the user's typewriter. Type in the .
number of documents that are to be batched together.

7. When the routine is finished, a message stating job 014 has terminat-
ed will appear on the user's console. A message to remove the two
files will be typed on the SCO typewriter.

8. File 001, the input, is not used again. File 002, the output, is
used by the MERGE routine.

5.3 MERGE OPERATION I .

1. Mount the program tape on the tape dtive and assign that unit as the
system's tape unit, unless it has already been assigned.

2. On the user's typewriter, call up job 750.

3. When the job is loaded, a message to assign a scratch tape will
appear. This tape is used as the final output tape.

4. After a small portion of the routine has been executed, a message
to assign file 043 is typed out. This is the input file and is the
same file outputted by the SORT routine.

5. Two other files are used, but they are disk files and '.etr assign-
ments are automatic.

6. When the routine is finished, a message stating job 750 has termi-
nated is typed out on the user's console. A message to remove the
two files is written on the SCO typew-.iter.

7. File 043, the input, is not used again. File 046, the output, is

used by the SHORTWORD routine.

5.4 SHORTWORD OPERATION

I. This routine is also referred to as SI1RTWD.

2. Mount the program tape on a tape drive and assign that unit as the
system's tape unit, unless it has already been assigned. j .

3. On the user's typewriter, call up job 225.

4. When the message to assign file 025 is typed out, assign the output '
tape of the MERGE routine.

5. When the message to assgr. a scratch file appears, assign any tape.
This tape is used as the output tape.
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6. While the routine is being executed,.no messages are written and no
assignments are made.

7. The routine is finished when the message on thi user's console states
that job 225 has terminated and the SCO typewriter requests the two
files be removed.

8. File 025, the input, is not used again. File 026, the output, is
used by the SRC routine.

5.5 LOAD DISK OPERATION

1. This routine is also referred to as LODDSK.

2. Mount the program tape on a tape drive and assign that unit as the
system's tape unit, unless it had already been assigned.

3. Load the paper tape reader with a dictionary tape.

4. Call up job number 507.

5. When the job is loaded, a message will appear to assign file 033.
At this point, assign the paper tape reader.

6. When the job is finished, one of two messages appears on the SCO
typewriter:

a. DISK LOADED WITH FULL DICTIONARY.
b. DISK FULL PREMITURELY, CHAR LENGTH...

(a number will follow CHAR LFNGTH indicating the last character
letigth loaded).

7. This program will be used again to load more dictionaries or the re-
"mainder of dictionaries.

5.6 SHIFT REGISTER COMPARATOR OPERATION

1. This routine is also referred to as SRC.

2. Mount the program tape on a tape drive and assign that unit as the
system's tape unit, unless it has already been assigned.

3. Mount the output tape from the SHORIWORD routine on a tape drive.

-- --•1 4. Mount a scratch tape on another tape drive.

"5. Call up job 510.

6. When the job is loaded, a message will appear to assign file 035.
This is the input tape which was the final output tape of the
SHORTWORD routine.

7. Another message will appear requesting a scratch tape for file 036.
"This will be the output tape.
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8. When the job is finished, a message to remove the two files is
written on the SCO typewriter.

9. File 035, the input file, is not used again. File 036, the output
file, is used as input to the RE-SORT routine.

5.7 RE-SORT OPERATION

1. Mount the program tape on a tape drive and assign that unit as the
tystem:s tape unit, unless it has already been assigned.

2. On the user's typewriter call up job 004.

3. When the message to assign file 001 is typed out, assign the output
tape of the SRC routine.

4. When a message to assign a scratch tape appears, assign any tape.
This will be used as the final output tape.

5. Two other files are used, but they are disk files and their assign-
ments are automatic.

6. When the routine is finished, a message stating that job 004 has
terminated is typed out on the user's console. A message to remove
the file will appear on the SCO typewriter.

7. File 001, the input, is not used again. File 004, the output, is
used by the DISPLAY routine and the two statistics routines.

5.8 STATISTICS I OPERATION

1. This routine is also known as WORST.

S2. It is not necessary to run this routine next. It can be run at any
point once the RE-SORT output has been obtained.

3. Mount the program tape on a tape drive and assign that unit as the
system's tape unit, unless it has already been assigned.

4. On the user's typewriter, call up J.,b 751.

5. When the message to assign file 002 is typed out, assign the output
tape of the RE-SORT routine.

6. During the execution of the routine, the output will be displayed on
the user's typewriter.

7. When the message that jobl751 has terminated appears en the user's
console, the routine is flnished. A message to remove the file will
appear on the SCO typewriter.

8. File 002, the input, is used again unless PONCW and DISPLAY have al1
ready been executed. The typewriter display is the output for this
routine.
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5.9 STATISTICS II OPERATION

1. This routine is also known as PONCW.

2. It is not necessary to run this routine next. It can be run at any
point once the RE-SORT output has been obtained.

3. Mount the program tape on a tape drive and assign -hat 6nit as the
system's tape unit, unless it has already been assigned.

4. Make sure that unit 7, the printer, is free.

5. On the user's typewriter call up job 250.

"6. When the message to assign file 600 is typed out, assign the output
tape of the RE-SORT routine.

7. During the execution of the routin, and when the printer is to be
used, a message to assign unit 7 a pears on the SCO typewriter.

8. When the routine is finished, a me sage stating that job 250 has ter-
minated is typed out on the user's console. A message to remove the
file appears on the SCO typewriter.

9. File 600, the input, is used again unless both DISPLAY and WORST have
been executed. The output is the printing which appeared during the
execution .f the routine.

S5.10 DISPLAY AND MANUAL DATA EDIT OPERATION

I. The MANUAL DATA EDIT routine is also referred to as MDE.

2. It is not necessary to run this routine next. It can be run anytime
after the RE-SORT but before the CODE CONVERSION routine.

3. Mount the program tape on a tape drive and assign that unit as the
system's tape unit, unless it has already been assigned.

4. On the Datacom, call up job 251.

5. When the message to assign file 602 appears, assign the output tape
of the RE-SORT ROUTINE.

6. When a message to assign a scratch tape appears, assign any tape.
This is the output tape.

7. During the execution of the routine and before a block is written on
tape, it is displayed on the upper half of the Datacom scope. At
this point it is possible to manually correct the text. See descrip-
tion of MANUAL DATA EDIT routine for instructions on correcting the
text. After the text is corrected, the READOUT button on the Datacom
console is pushed to return control to the Spelling Correction rou-
tines.

.. -.. 5-5

\e



8. The routine is finished when the message on the Data:am states that
Job 251 ham terminated. Just before termination & message will
appear on the SCO typewriter to remove the two files.

9. File 602, the input, is used again, unless both PONCW and WORST have
"been executed. File 603, the output, is used by the CODE CON-VERSION
routine.

5.11 CODE CONVERSION OPERATION

1. This routine :Ls also called CONVRT.

2. It is not necessary to run this routine next. It can be run any time
after the DISPIAY routine."

3. Mount the program tape on a tape unit and assign that unit as the
system'., tape unit, unless it has already been assigned.

4. Make sure unit 2, the punch, is free.

5. Call up job 275 on the user's typewriter.

6. When the message to assign file 610 is typed, assign it the output
of the DISPLAY routine.

7. When the message to assign unit 2 is typed, assign the punch.

8. When the routine is finished, a message stating that job 275 has
terminated is typed out on the user's console. Prior to termination
a message will appear on tLe SCO typewriter to remove the two files.

9. File 610, the input, is not used again. File 611, the output, is
used to obtain a hard copy of the text.

5.12 GENDAT OPERATION

1. Mount the program tape on a tape drive and assign that unit as the
system's tape unit, unless it has already been assigned.

2. On the user's typewriter, call up job 013.

3. When the message to assign a scratch tape is typed out, assign any
free tape.

4. When it is time for the input data to be typed in, the message "okay
type in data" is typed out on the user's typewriter. The data is
entered on this console according to the format stated in the descrip-
tion of GENDAT.

5. When the program is finished, a message on the user's console states
that job 013 has terminated. On the SCO typewriter there is a
message to remove the file. *e

6. File 001, the output, is used as input to one of the Spelling Correc-
tion routines. e.
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Appendix A

DESCRIPTION OF AN "ITEM"

An "item!' is composed of a data wr.rd and six descriptive words and appears
as follows:

Word Description

1 character count
2 type code
3 document number
4 item position wht'lin document
5 begin word code

* data word

n end word coie

An item is of variable length n, where 7Xn'96 computer words. The data
word is the original document iirormation. The six descriptive words are
appended to the data word in che PEELER routine to assist in data handling and
correction procedures. A data word may be a single space, a mark of punctua-
tion, a completely alphabetic stream of characters, numbers, etc. In any case,
the first character of a data word always begins in the sixth word of the it2m.

/ Followi:,g is an explanation of the six descriptive words which make up an
item:

I. Character Count Indicates the number of characters in the data word.

2. Type Code Indicates the composition of the data word. It may
indicate that the ",ord is pure alphabetic, numeric,
alphabetic with confusion character, alphabetic with
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best guess, etc. The code format is:

r x L 1x I x I! ' Ii y yj "- V7-Y-1
Where xxxx being indicates

0000 alphabetic characterr only
0100 alphabetic characters with confusion characters
0010 alphabetic characters with best guess
0001 alphabetic characters with hyphen
0110 alphabetic characters with best guess and confusion

characters
1l:-ri numeric characters

anything else

1he y portion of Lhe word contains a ccunt, right adjusted, for the
number of confusion o? best guess occurrences in the data word.

For a few spv,:. " c•ha-acters, all 12 bits of the type code word are
used. They aret

-1 - - - punctuat',or.
-2 - - - hyp!'en
-3 - - - start of document

3. Document Number L..dicates which document the data word belongs to. The
numbering is initialized at one and is incremented by one
'-'rv time a start document code is encountered.

4. Item Position In<.:*.:.tes the relative position of the data word within
-"riginal document. The numbering starts at one and

increases I.y one for each data word. The numbering re-
starts each time another document is encountered.

5. -egin Word Code word, 1748 required by the shift register comparator.
The code is right adjusted in the computer word leaving
the five leftmost bits as indicators for the SRC and
SHORIWORD routines. A corrected data word will have a
zero in the leftmost bit and a number representing the
tolerance level required for correcting this word in the
remaining four bits. An uncorrected data word will have
a one in the leftmost bit and a number representing the
highest tolerance level used in attempting to correct the
data word in the remaining four bits. The words which

"N were not processed by the SRC or SHORTWORD routines have
only the 1748 code in the computer word.

6. End Word Code word, 1758, required by the shift register comparator.
It is always in the ý6+n) worl position of the item, where
n is the character count of the data word.

A-2
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Appendix B

BATCHING SCIEME USED IN SPELLING CORRECTION PROGRAM

The initial input to the Spelling Correction SORT routine is a magnetic
tape consisting ef blo-.ks of 512 computer words. The first word of each block
contains a document number indicating the document to which the data words in
the block belong. A block of information contains only words from a single
document. Unused words in a block, if any, are set to zero. The last data
block on the magnetic tape is followed by a double end-of-file block (see
Appendix C for a description of end-of-file blocks).

An example of the data configuration of n d.'cuments for input to the SORT
routine is as follows:

To increase the data handling efficiency in both sorting and merging op-
erations and in the dictionary lookup techniques, a batching capability bas
been added to the SORT routine.

When the SORT routine is initialized, a request will appear on the ECP

Selectric typewriter for the operator to enter an integer indicating the number
of documents to be batched. The above mentioned operations will then be follow-
ed by a single end-of-file block. The lasV batch will be followed by a double
end-of-file block.

B-1
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Following is an example of the output tape data configuration from the
SORT routine where the n documents have been batched m documents to a batch:

DOC. 1 .I " .' eo OC :

The batching configuration is retained throughout t'ae remaining Spelling
Correction op-.rations until the last routine in the sequence, CODE CONVERT,
restores the corrected data to its original codes and format.

B-2
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Appendix C

END-OF-FILE BLOCKS

The single end-of-file block used in the Spelling Correction routines
is either automatically generated by using a RADCAP CLSOP instruction or pro-
gram generated by placing the proper bit configuration in a reserved storage
block and writing this block on a magnetic tape.

Either method will generate the single end-of-file block shown in the fol-
lowing diagram:

Single End-of-File Block

Position Octal Universal

Word 1 0077 z

Word 2 0025 e

Word 3 0051 0

Word 4 0027 f

Word 5 0012 Blank

0 0 0

0 0 0

0 o 0

Word 512j 0012 Blank

1C-1
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The double end-of-file block used in the SDellinq Correction routines can
only be program generated. The following diagram shows an example of the bit
configuration:

Double End-of-File Block

Position Octal Universal

Word 1 0077

Word 2 0025 e

Word 3 0051 0

Word 4 0027 f

Word 5 0077 z

Word 6 0025 e

Word 7 0051 0

Word 8 0027 f

Word 9 0012 Blank

0 0 0

0 0 0

0 0 0

Word 512 0012 Blank

The end-of-file indicator routine used in the Spelling Correction program
does not require the contents of words 5 through 512 in the single end-of-file
block or words 9 through 512 in the double end-of-file block to be blanks.

C-2
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Appendix D

SEQUENCE FOR SETTING SHIFT REGISTER COMPARATOR CONDITIONS

This operation sets the control flip-flops for the compare network between
SR1 and SR2:

7100 xx - threshold value (0 indicates the exact match mode)
0004
3700 a - allow "confusion" ) 0 indicates
0201 b - allow "don't care" ) reset for:
OOxx c - inhibit transfer of ) I indicates

confusion bit
abcd d - prefix mode ) set for
zzzz zzzz - 0 indicates operation performeA, # 0 indicates

SRC busy

(See SRC hardware manual for further details on condition settings.)

1/
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Appendir E

EXAMPLES OF SHIFT REGISTER COMPARATOR ROUTINE FLAG BITS

Based on the conditions of a 121o character data word that was not correc-
ted and the threshold level was lowered to 610, the bit configuration of word
5 would be ab follows:

Before lookup

WORD DESCRIPTION EXAMPLE BIT CONFIGURATION

111I0 9 8 7 6 5 4 3 2 1 O'

5 begin word 1748 0 0 0 0 0 1 1 1 1 1 0 0

After lookup (not corrected)

5flags and 5574 1 011 0 11 .i1 1001
_ _ begin word ~ _ _ I____

If the same conditions existed and the data word was considered corrected,
word 5 would be as follows:

After lookup (corrected)

eflags and 1574 0 0 1 1 0 1 1 1 1 1 0 0
begin word I0

E-/E_-2
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Appendix F

EXAMPLE OF OUTPUT OF STATISTICS I

Batch 1

Confusion

Character Best Plus
Length Frequency Guess Confusion Best Guess Corrected Uncorrected

S1 0 0 0 0 0 0

2 250 40 11 15 235 15
3 473 93 34 27 446 27

4 379 56 25 18 350 29

5 400 47 10 31 367 33

6 228 12 12 0 208 20

7 212 18 24 6 199 13

8 103 25 19 8 96 7
9 27 4 2 0 25 2

10 10 2 1 1 10 0

11 12 4 2 0 9 3

12 9 3 2 1 8 1

13 6 2 1 0 5 1

14 3 1 0 0 3 0

15 0 0 0 0 0 0

16 2 0 0 0 2 0

17 1 1 0 0 1 0

18 1 0 1 0 0 1
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